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(54) COMMON RAIL TYPE FUEL INJECTION DEVICE 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To prevent production of noise 
and deterioration of exhaust emission by stopping the 
feedback control of sub-injection, when the target sub- 
injection amount in sub-injection is smaller than the minimum 
fuel injection amount detected according to common rail 
pressure. 

SOLUTION: In a system, where fuel injection is divided into 
main injection and sub-injection preceding the main injection 
or delayed from it according to the detection signal from a 
detecting means for detecting fUel injection from an injector 1 
provided on every cylinder, a target sub-injection amount Qt 
obtained according to the engine operating conditions and a 
preset value Ql of fxiel injection amount obtained 
corresponding to a pressure Pr of a common rail 2 detected by 
a pressure sensor 3 immediately before the start of sub- 
injection are compared by a controller 12. When Qt<Ql, 
feedback control of sub-injection is stopped to cause open- 
loop control to be conducted, for example. Thus, combustion 
can be kept from being unstable. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The common rail which stores in a pressure accumulation condition the fuel breathed out from 
the high-pressure fuel pump, The injector which injects the fuel supplied from said common rail to a 
combustion chamber, A detection means to detect engine operational status, the pressure sensor which 
detects the fuel pressure of said common rail, And the target injection quantity of the fuel which should 
be injected from said injector according to the detecting signal from said detection means is calculated. 
The controller which controls the fuel injection from said injector based on said target injection quantity 
is provided. Said controller Said fuel injection from said injector is divided into the subinjection which 
responds to a detecting signal from said detection means, and is preceded or delayed to the main 
injection and this main injection. According to the detecting signal from said detection means, compute 
the target secondary injection quantity, and the **** injection quantity of the fuel actually injected in 
said subinjection based on the amount of descent of said fuel pressure of said common rail is computed. 
In the common rail type fuel injection equipment which consists of performing feedback control of said 
subinjection so that said **** injection quantity may be in agreement with said target secondary 
injection quantity said controller The fuel-oil-consumption set point calculated corresponding to the fuel 
pressure of said common rail which said target secondary injection quantity and said pressure sensor 
detected is compared. The common rail type fuel injection equipment characterized by suspending said 
feedback control when said target secondary injection quantity is smaller than said fuel-oil-consumption 
set point. 

[Claim 2] Said fuel-oil-consumption set point is a common rail type fuel injection equipment according 
to claim 1 which consists of being computed based on the relation beforehand defined between the 
minimum fuel oil consumption detectable [ with the pressure variation produced in the fuel pressure of 
said common rail, and the fuel pressure of said common rail ] as injection quantity more than said 
minimum fuel oil consumption calculated according to the detecting signal from said pressure sensor. 
[Claim 3] The common rail type fuel injection equipment according to claim 1 or 2 which consists of 
performing open loop control which made said target secondary injection quantity desired value when 
said target secondary injection quantity is smaller than said fuel-oil-consumption set point. 
[Claim 4] The pressure control room where some fuels with which said injector is supplied from said 
common rail are introduced, The needle valve which opens and closes the nozzle hole which injects the 
fuel which went up and down based on the pressure operation of the fuel in said pressure control room, 
and was formed in the point of said injector, A common rail type fuel injection equipment given in any 1 
term of claims 1-3 which consist of providing the actuator which operates the closing motion valve 
which releases the fuel pressure in said pressure control room by discharging the fuel in said pressure 
control room, and said closing motion valve. 

[Claim 5] Said controller is a common rail type fuel injection equipment according to claim 4 which 
consists of performing said feedback control of said subinjection by outputting the command pulse 
which controls the driving signal to said actuator, in order to make said closing motion valve open, and 
amending the pulse width of said command pulse based on the deflection of said **** injection quantity 



and said target secondary injection quantity. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the common rail type fuel injection 
equipment performed by the subinjection which precedes fuel injection with the main injection and this 
main injection, or is delayed about a common rail type fuel injection equipment, and injects a little fuel. 
[0002] 

[Description of the Prior Art] Conventionally, about engine fuel injection, high-pressure-ization of an 
injection pressure is attained and the common rail fuel-injection system is known as a method which 
controls injection conditions, such as injection timing of a fuel, and injection quantity, the optimal 
according to engine operational status. A common rail fuel-injection system is a system injected to a 
combustion chamber from each injector arranged at two or more gas columns on the optimal fuel- 
injection conditions which the fuel pressurized by the predetermined pressure was stored in the state of 
pressure accumulation in the common rail, and the controller asked for the stored pressurization fuel 
according to the operational status of engines, such as fuel oil consumption and fuel injection timing, 
with the fuel pump, respectively. In the fuel passage which results in the nozzle hole formed at the tip of 
each injector through the fuel feeding pipe from the common rail, the fuel pressure of an injection 
pressure is acting, and each injector is always equipped with the solenoid valve in order to perform 
control which passes or intercepts the fuel supplied through a fuel feeding pipe. The controller is 
controlling the pressure of a common rail, and actuation of the solenoid valve of each injector so that a 
pressurization fiiel is injected on the optimal injection conditions to engine operational status in each 
injector. There is a thing of a format which operates an injector as a working fluid by actuation of a 
solenoid valve using some high-pressure fuels in a common rail fuel-injection system. 
[0003] Drawing 5 is drawing showing the outline of a common rail fuel-injection system. In a common 
rail fuel-injection system, after the fuel in a fuel tank 4 passes through a filter 5 and a feed pump 6, it is 
supplied to the fuel pump 8 which is plunger-type variable-capacity type high pressure pumping through 
a fuel pipe 7. A fuel pump 8 is driven by engine power, carries out a pressure up to the predetermined 
pressure of which a fiiel is required, and is supplied to a common rail 2 through a fuel pipe 9. In order to 
maintain the fuel pressure in a common rail 2 to a predetermined pressure, the flow control valve 14 is 
arranged by the fuel pump 8. The fuel relieved from the fuel pump 8 returns to a fuel tank 4 through the 
return tubing 10. The fuel in a common rail 2 is supplied to two or more injectors 1 through a fuel 
feeding pipe 3. The fuel which was not spent on the injection to a combustion chamber among the fuels 
supplied to the injector 1 from the fuel feeding pipe 3 returns to a fuel tank 4 through the return tubing 
11. 

[0004] The signal from the various sensors for detecting engine operational status, such as a pressure 
sensor of inhalation of air for detecting the coolant temperature sensor for detecting the accelerator 
opening sensor for detecting the crank angle sensor for detecting a gas column distinction sensor, an 
engine engine speed Ne, and an engine top dead center (TDC) and the amount Ac of accelerator pedal 
treading in and a circulating water temperature and the pressure of inhalation of air, is inputted into the 



controller 12 which is an electronic control unit. The pressure sensor 13 is formed in the common rail 2, 
and the detecting signal of the fuel pressure in the common rail 2 detected by the pressure sensor 13 
(henceforth the common-rail-pressure force) is also inputted into a controller 12. A controller 12 
controls fuel injection timing (the injection initiation stage and period), injection quantity, etc. of the 
injection conditions of the fuel by the injector 1, i.e., a fuel, so that engine power turns into the optimal 
output adapted to operational status based on these signals. Although the fuel in a common rail 2 is 
consumed because an injector 1 injects a fuel, and the fuel pressure in a common rail falls, in order that a 
controller 12 may obtain the fuel injection pressure needed according to engine operational status so that 
the fuel pressure in a common rail 2 may become fixed or, it controls the flow control valve 14 of a fuel 
pump 8, and controls a discharge pressure. In the example of illustration, although an engine is a six 
cylinder engine, they may be other numbers of gas columns, such as a 4-cylinder. 
[0005] Drawing 6 is drawing of longitudinal section showing an example of the injector used for a 
common rail type fuel-injection system. An injector 1 is attached in the hole prepared in the bases, such 
as the cylinder head to which illustration was abbreviated, by the seal member at a seal condition. The 
fuel feeding pipe 3 is connected to the top flank of an injector 1 through the fuel inlet-port joint 20. The 
fuel paths 21 and 22 are formed in the interior of the body of an injector 1, and fuel passage consists of a 
fuel feeding pipe 3 and fuel paths 21 and 22. The fuel supplied through fuel passage is injected by the 
combustion chamber through the path around the reserve-well ball 23 and a needle valve 24 from the 
nozzle hole 25 opened at the time of the lift of a needle valve 24. 

[0006] In order to control the lift of a needle valve 24, the needle-valve lift device of a balance chamber 
type is prepared in the injector 1. the electromagnetism which constitutes a solenoid valve in the topmost ' 
part of an injector 1 - the control current the actuator 26 is formed and corresponding to the command 
pulse of a controller 12 - a signal line 27 - leading - electromagnetism - it is sent to the solenoid 28 of 
an actuator 26. If a solenoid 28 is excited, since the closing motion valve 32 which the armature 29 went 
up and was prepared in the edge of the fuel way 3 1 will be opened, the fuel pressure of the fuel supplied 
to the balance chamber 30 is released from fuel passage through the fuel way 3 1 . In the hollow hole 33 
formed in the interior of the body of an injector 1, the control piston 34 is formed possible [ rise and 
fall ]. Since the force which pushes up a control piston 34 rather than the push-down force committed to 
a control piston 34 based on the fuel pressure which acts on the taper side 36 which attends the reserve- 
well ball 23 according to the force and the spring force of a return spring 35 based on the pressure in the 
lowered balance chamber 30 excels, a control piston 34 goes up. Consequently, a needle valve 24 carries 
out a lift and a fuel is injected from a nozzle hole 25. Fuel injection timing is set by the lift stage of a 
needle valve 24, and fuel oil consumption is defined by the ftiel pressure in fuel passage, and the lift (the 
amount of lifts, lift period) of a needle valve 24. 

[0007] Generally, the relation between the fuel oil consumption of an injector 1 and the pulse width of 
the command pulse which a controller 12 outputs is defined on the map which made the parameter the 
common-rail-pressure force Pr (fuel pressure in a common rail 2). If the common-rail-pressure force Pr 
is set constant, even if fuel oil consumption increases and it is the same pulse width so that pulse width 
is large, fuel oil consumption will become large, so that the common-rail-pressure force Pr is size. On 
the other hand, since it starts with the falling time of day of a command pulse, and it is fixed-time- 
behind to time of day and is started or stopped, fuel injection can control injection timing, when a 
command pulse controls ON or the stage to become off. Between the basic injection quantity and an 
engine speed, the amount of accelerator pedal treading in is beforehand given to relation fixed as a 
parameter as a basic characteristics-of-spray-amount map, and the fuel oil consumption for every 
combustion cycle is calculated by count from a basic characteristics-of-spray-amount map according to 
engine operational status. 

[0008] Conventionally, in the diesel power plant, the so-called pilot injection control which injects a 
little fuel in advance of the main injection is performed. While preventing that prevent that the fuel 
which the temperature of a combustion chamber was raised beforehand and injected by performing pilot 
injection burns rapidly, consequently the so-called diesel knock arises, reducing the rate of the nitrogen 
oxides contained in exhaust gas is performed. Moreover, the pilot injection quantity is determined in 



consideration of the yield of the nitrogen oxides for which it asked experimentally, considering the 
purpose of pilot injection. In the pilot injection quantity decided by such decision approach, combustion 
becomes slow and bad influences, such as a surging, may arise. Since that pilot injection is needed has- 
the common case where an engine operating range is a low loading idle operating range, the pilot 
injection quantity is calculated as the ratio to the total fuel oil consumption, or uniform absolute 
magnitude, and, generally its rate to the total injection quantity is also small little also as absolute 
magnitude. 

[0009] By the way, in order for there to be path yearly change from which a property changes with the 
passage of time in the injection property (especially fiiel injection timing, injection quantity) of an 
injector even if it is the individual variation from which a property differs for every injector, and the 
same injector, and to make the common-rail-pressure force and an injector drive, even if the command 
pulse period used as ON is the same, usually the fuel oil consumption injected from an injector also 
differs. Although it does not become a big problem even if some differences are in the injection quantity 
of each injector, when fuel-oil-consumption itself is a big value, when performing fuel injection with 
minute fuel oil consumption like [ in pilot injection ], the effect of individual variation and path yearly 
change becomes remarkable, and it may result in the situation where a lot of fuels as pilot injection are 
not injected, or fuel injection is not performed at all. When the gas column in which pilot injection is 
performed at the time of the low loading which needs pilot injection, or idle operation, and the gas 
column which is not performed exist, combustion will not be stabilized but displeasure will be given to 
the operator of a car on the contrary. 

[0010] In order to reduce the variation in fuel oil consumption, these people computed actual fuel oil 
consumption based on the amount of descent of the common-rail-pressure force at the time of fuel 
injection, and they have proposed the control approach which amends a controlled variable so that it 
may be in agreement with the target fuel oil consumption calculated based on engine operational status 
(Japanese Patent Application No. No. 186639 [ ten to ]). According to this control approach, 
corresponding to the amount of descent of the common-rail-pressure force in front of fuel injection, and 
the common-rail-pressure force before and behind fuel injection, actual fuel oil consumption can be 
calculated from map data. That is, calculating actual fuel oil consumption is proposed by using the data 
of the detecting signal from the pressure sensor formed in order to detect the common-rail-pressure force 
in a common rail ftxel-injection system. In this control approach, it faces in quest of actual fuel oil 
consumption, and in order to perform fuel injection, the dynamic amount of fuel leaks which a fuel leaks 
from the pressure control room of an injector is taken into consideration. 

[001 1] By the way, there is a field which cannot calculate actual fuel oil consumption correctly in the 
map in which the relation between the amount of descent of the common-rail-pressure force and fuel oil 
consumption was shown from the amount of descent of the common-rail-pressure force. Drawing 2 is 
the graph which showed the relation between fuel oil consumption and the amount of common-rail- 
pressure force descent by making the common-rail-pressure force into a parameter. In the amount of 
descent of the common-rail-pressure force below threshold deltaPs (for example, IMpa), the relation 
between the common-rail-pressure force Pr and fuel oil consumption Q becomes less clear on a graph, 
and actual fuel oil consumption cannot be correctly calculated according to the common-rail-pressure 
force Pr so that drawing 2 may show. That is, in the amount of descent of the common-rail-pressure 
force below threshold deltaPs shown in drawing 2 , since actual fuel oil consumption cannot be 
calculated correctly, feedback control with the exact fuel oil consumption which makes actual fuel oil 
consumption in agreement with target fuel oil consumption cannot be performed, either. 
[0012] 

[Problem(s) to be Solved by the Invention] Therefore, fuel injection is performed by the subinjection 
carried out to the main injection and the main injection by being preceded or delayed. The target 
secondary injection quantity of the fuel with which a controller should be injected by the combustion 
chamber from an injector in subinjection is calculated. In the common rail type fuel injection equipment 
which performs feedback control of subinjection so that the **** injection quantity actually injected in 
subinjection may turn into target secondary injection quantity When the target injection quantity in 



subinjection turns into under the injection quantity computable from the amount of descent of the 
common-rail-pressure force, it is necessary to avoid that the controlled variable of the fuel oil 
consumption in the feedback control of subinjection becomes unstable. 
[0013] 

[Means for Solving the Problem] The purpose of this invention stores in a pressure accumulation 
condition the fuel breathed out from the high-pressure fuel pump at a common rail. An injector injects 
the fuel supplied from the common rail to a combustion chamber. In the common rail type fuel injection 
equipment which is controlling the fuel injection from an injector based on the target fuel oil 
consumption asked for a controller according to the detecting signal from a detection means which 
detects engine operational status When the target secondary injection quantity in subinjection is 
injection quantity smaller than the minimum detectable fuel oil consumption based on the common-rail- 
pressure force It is offering the common rail type fuel injection equipment which can prevent the noise 
resulting from avoiding the feedback control of the fuel injection in subinjection becoming unstable, and 
becoming impossible as for the feedback control of normal subinjection, aggravation of an exhaust gas 
property, etc. 

[0014] The common rail which stores in a pressure accumulation condition the fuel with which this 
invention was breathed out from the high-pressure fuel pump, The injector which injects the fuel 
supplied from said common rail to a combustion chamber, A detection means to detect engine 
operational status, the pressure sensor which detects the fuel pressure of said common rail, And the 
target injection quantity of the fuel which should be injected from said injector according to the 
detecting signal from said detection means is calculated. The controller which controls the fuel injection 
from said injector based on said target injection quantity is provided. Said controller Said fuel injection 
from said injector is divided into the subinjection which responds to a detecting signal from said 
detection means, and is preceded or delayed to the main injection and this main injection. According to 
the detecting signal from said detection means, compute the target secondary injection quantity, and the 
**** injection quantity of the fuel actually injected in said subinjection based on the amount of descent 
of said fuel pressure of said common rail is computed. In the common rail type fuel injection equipment 
which consists of performing feedback control of said subinjection so that said **** injection quantity 
may be in agreement with said target secondary injection quantity said controller The ftiel-oil- 
consumption set point calculated corresponding to the fuel pressure of said common rail which said 
target secondary injection quantity and said pressure sensor detected is compared. When said target 
secondary injection quantity is smaller than said fuel-oil-consumption set point, it is related with the 
common rail type fuel injection equipment characterized by suspending said feedback control. 
[0015] According to the common rail type fuel injection equipment by this invention, a controller 
divides the fuel injection from an injector into the subinjection which responds to the detecting signal 
which detects engine operational status from a detection means, and is preceded or delayed to the main 
injection and this main injection, and computes the target secondary injection quantity as a part of target 
total injection quantity of the fuel which should be injected in subinjection according to the detecting 
signal from a pressure sensor which detects the fuel pressure of a common rail. Although the fuel 
pressure of a common rail will descend if fuel injection is performed from an injector Although a 
controller will perform feedback control of subinjection so that the **** injection quantity may be in 
agreement with the target secondary injection quantity if the **** injection quantity which the target 
secondary injection quantity is a sufficiently big value, and is the fuel quantity actually injected in 
subinjection is computable based on the amount of descent of the fuel pressure of a common rail When 
it is not sufficient big value whose calculation of the **** injection quantity the target secondary 
injection quantity enables, the feedback control of the subinjection which is easy to fall unstably is 
suspended, and faults resulting from the feedback control of normal subinjection becoming impossible, 
such as noise and aggravation of an exhaust gas property, are prevented. 

[0016] Said fuel-oil-consumption set point is computed based on the relation beforehand defined 
between the minimum fuel oil consumption detectable [ with the pressure variation produced in the fuel 
pressure of said common rail, and the fuel pressure of said common rail ] as injection quantity more than 



said minimum fuel oil consumption calculated according to the detecting signal from said pressure 
sensor. Therefore, the **** injection quantity injected for the purpose of the target secondary injection 
quantity which the target secondary injection quantity is not set under to the detectable minimum fuel oil 
consumption, and was set up such becomes computable from the fuel pressure data of the common rail 
which the pressure sensor detected, and the feedback control of subinjection does not become unstable. 
Said relation between said fuel pressure of said common rail and said minimum fuel oil consumption is 
defined corresponding to the amount of the minimum descent which can detect said fuel pressure of said 
common rail from the relation of the amount of descent of said fuel pressure of said common rail in 
front of said fuel injection, and said fuel pressure of said common rail which descended by said fuel 
injection, and the fuel oil consumption injected in said fuel injection. The relation between the amount 
of descent of the fuel pressure of the common rail which descended by fuel injection, and the fuel oil 
consumption injected by the fuel injection is specifically beforehand called for in the form of map data 
by making fuel pressure of the common rail in front of the fuel injection into a parameter, and the 
relation between the minimum fuel oil consumption and the fuel pressure of a common rail is called for 
corresponding to the amount of the minimum descent of fuel pressure detectable [ with a pressure 
sensor ]. 

[0017] When said target secondary injection quantity is smaller than said fuel-oil-consumption set point, 
open loop control which made said target secondary injection quantity desired value is performed. That 
is, when the target secondary injection quantity is smaller than the fuel-oil-consumption set point, it 
replaces with the feedback control which was being performed based on the deflection of the target 
secondary injection quantity and the **** injection quantity etc., and open loop control without 
feedback of the **** injection quantity is performed. 

[0018] Said injector possesses the actuator which operates the needle valve which opens and closes the 
nozzle hole which injects the fuel which went up and down based on the pressure operation of the fuel in 
the pressure control room where some fuels supplied from said common rail are introduced, and said 
pressure control room, and was formed in the point of said injector, the closing-motion valve which 
releases the fuel pressure in said pressure control room by discharging the fuel in said pressure control 
room, and said closing-motion valve. If a controller operates an actuator, a closing motion valve will 
open, the fuel in the pressure control room supplied from the common rail will be discharged, and the 
fuel pressure in pressure control room will be released. When the pressure of the fuel in pressure control 
room declines, a needle valve goes up based on fuel pressure, the nozzle hole formed in the point of an 
injector opens, and a fuel is injected to a combustion chamber. 

[0019] Said controller outputs the command pulse which controls the driving signal to said actuator in 
order to make said closing motion valve open, and it performs said feedback control of said subinjection 
by amending the pulse width of said command pulse based on the deflection of said **** injection 
quantity and said target secondary injection quantity. By amending the target secondary injection 
quantity in next fuel injection to the same injector as a concrete example of 1 control, calculating the 
correction target secondary injection quantity, and changing the pulse width of the command pulse 
corresponding to the correction target secondary injection quantity, it is controlled so that the **** 
injection quantity is in agreement with the target secondary injection quantity in subinjection of the next 
time from an injector. 
[0020] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, the example of the common rail 
type fuel injection equipment by this invention is explained. Drawing 1 is a graph which shows the 
relation of the common-rail-pressure force and fuel oil consumption corresponding to the threshold of 
common-rail-pressure force descent of the amount of common-rail-pressure force descent, i.e., the 
minimum detectable amount, from the graph shown in drawing 2 . 

[0021] The injector used for a common rail type fuel-injection system and this system can apply the 
system and injector which were shown in drawing 5 and drawing 6 , respectively as it is. namely, 
speaking of an injector 1 As pressure control room where some fuels supplied from a common rail 2 are 
introduced It goes up and down based on a pressure operation of the fuel in the ** balance chamber 30 



and a balance chamber 30. By discharging the fuel in the needle valve 24 which opens and closes the 
nozzle hole 25 which injects the fuel formed in the point of an injector 1, and a balance chamber 30 the 
electromagnetism which operates the closing motion valve 32 which releases the fuel pressure in a 
balance chamber 30, and the closing motion valve 32 ~ about the point of having the actuator 26, you 
may be the same as that of the injector 1 shown in drawing 6 , and the detailed explanation for the 
second time about other details is omitted. 

[0022] Corresponding to the fuel injection of every [ in an engine cycle ] gas column, the common-rail- 
pressure force Pr started descent with the time lag from injection initiation, and has repeated the cycle of 
recovering according to the regurgitation of the fuel from the high-pressure fuel pump 8 for the fuel 
injection in the gas column in which combustion is performed next according to combustion sequence, 
after injection termination. Since an engine is a multiple cylinder engine as shown in drawing 5 , the 
controller 12 is controlling fuel injection from an injector 1 according to each gas column. 
[0023] In the graph of drawing 1 , an axis of abscissa is the fuel pressure Pr of a common rail, i.e., the 
common-rail-pressure force, and the axis of ordinate shows the minimum fuel oil consumption Ql 
detectable from the amount of descent of the common-rail-pressure force. The curve f shown in the 
graph of drawing 1 shows that the minimum fuel oil consumption Ql detectable from the amount of 
descent of the common-rail-pressure force Pr changes with the magnitude of the common-rail-pressure 
force Pr. That is, although it is detectable to the minimum fuel oil consumption Ql of such a small value 
that the common-rail-pressure force Pr is high, the minimum fuel oil consumption detectable, so that the 
common-rail-pressure force Pr is low serves as a big value. From the graph of drawing 1 , the detectable 
minimum fuel oil consumption according to the common-rail-pressure force Pr is defined. 
[0024] The graph shown in drawing 1 is called for from the graph shown in drawing 2 . Drawing 2 is the 
graph which drew as a parameter the common-rail-pressure force Pr (value in front of injection) detected 
by the pressure sensor 13 currently arranged by the common rail 2 in the relation between fuel oil 
consumption Q and amount of descent deltaPr of the common-rail-pressure force in the common rail 
type fuel injection equipment by this invention. Although many [ so / that the common-rail-pressure 
force Pr is high if fuel oil consumption Q has the the same fuel fuel injection period of an injector 1 ], if 
the common-rail-pressure force Pr in front of fuel injection is the same, amount of pressure drawdowns 
deltaPr of a common rail will increase, so that there is much fuel oil consumption Q from an injector 1. 
Moreover, amount of descent deltaPr of the common-rail-pressure force becomes large, so that the 
common-rail-pressure force Pr is high, when the same fuel oil consumption Q is injected. Since there is 
threshold deltaPs as limit of detection of amount of descent deltaPr of the common-rail-pressure force, 
the minimum fuel oil consumption Ql calculated according to threshold deltaPs will change according to 
the common-rail-pressure force Pr, and this relation is expressed with the graph of drawing 1 . 
[0025] When fuel injection is divided into the main injection and the subinjection preceded or delayed to 
this main injection and is performed, If it seems that it may be computed according to the common-rail- 
pressure force Pr in front of initiation of subinjection as under the minimum fuel oil consumption Ql as 
which the target secondary injection quantity Qt is determined with the curve f of drawing 1 The **** 
injection quantity Qa of the fuel actually injected in subinjection serves as a value of the field below the 
curve f of drawing 1 , and it becomes impossible to compute the **** injection quantity Qa correctly in 
this case by the common-rail-pressure force Pr and its amount of descent deltaPr. Consequently, in the 
feedback control of subinjection, the controlled variable of fuel oil consumption may become unstable, 
and combustion may become unstable. That is, originally, when it is the pilot injection to which 
subinjection precedes with the main injection and is performed, since there is little injection quantity, 
control of the pilot injection which it becomes impossible to have detected actual fuel oil consumption 
correctly, and was stabilized becomes impossible from amount of descent deltaPr of the common-rail- 
pressure force Pr. 

[0026] Therefore, the target secondary injection quantity Qt calculated according to engine operational 
status The set point of the fuel oil consumption calculated corresponding to the common-rail-pressure 
force Pr which the pressure sensor detected just before initiation of subinjection is compared. The 
amount of descent of the common-rail-pressure force Pr becomes that the target secondary injection 



quantity Qt is beyond the set point of fuel oil consumption with sufficient value. The **** injection 
quantity Qa more than the minimum fuel oil consumption Ql is detectable from the amount of descent of 
the common-rail-pressure force Pr, it is stabilized and feedback control of the fuel oil consumption in 
the subinjection which makes the **** injection quantity Qa in agreement with the target secondary 
injection quantity Qt can be performed. When the target secondary injection quantity Qt is smaller than 
the set point of fuel oil consumption, the feedback control of subinjection can be suspended, for 
example, open loop control can be performed. Although minimum fuel-oil-consumption Ql itself is 
sufficient as the set point of fuel oil consumption, it is desirable to consider as the value which added the 
proper aggregate value to the minimum fuel oil consumption Ql. 

[0027] Since the graph shown in drawing 1 is the data **** thing of the point of a finite individual, the 
minimum fuel oil consumption Ql is usually calculated with the approximation curve which connects 
the point of the interpolation based on the polygonal line which connects the point of the finite 
individual given as data, or a finite individual. 

[0028] A controller 12 outputs the command pulse which controls the driving signal to an actuator 26 in 
order to make the closing motion valve 32 open. The controller 12 has memorized the common-rail- 
pressure force Pr in front of fuel injection, the pulse width of a command pulse, and the relation between 
fuel oil consumption decided beforehand as map data, and asks for the pulse width of the command 
pulse called for according to the common-rail-pressure force Pr in front of the fuel injection which the 
target secondary injection quantity Qt and pressure sensor 13 in the subinjection called for according to 
engine operational status detected from map data. 

[0029] The fuel-injection control in the common rail type fuel injection equipment by this invention is 
explained below based on the flow chart shown in drawing 3 - drawing 4 . Drawing 3 is a flow chart 
which shows the main routine of the fuel-injection control in the common rail type fuel injection 
equipment by this invention. Here, there are an engine speed sensor which detects an engine speed Ne, 
and an accelerator control input sensor which detects an accelerator control input Ac like the amount of 
accelerator pedal treading in as a thing showing the load to an engine as a detection means to detect 
engine operational status. As shown in drawing 3 , as engine operational status, an engine speed Ne is 
detected by the engine speed sensor (step 1), and the accelerator control input Ac is detected by the 
accelerator control input sensor (step 2). The target secondary injection quantity Qt and the target 
secondary fuel injection timing T are called for by referring to the map data (not shown) decided 
beforehand based on the engine speed Ne and the accelerator control input Ac which were detected at 
step 1 and step 2 (step 3, step 4). The common-rail-pressure force Pr is computed from the sampling 
detecting signal of a pressure sensor 13 (step 5). Target common-rail-pressure force Pr 0 required in 
order to obtain the target secondary injection quantity Qt calculated at step 3 It is determined (step 6). 
By controlling the rate (for example, duty ratio of a solenoid valve) of defining closing motion of the 
flow control valve 14 of the high-pressure fuel pump 8, the common-rail-pressure force Pr is the target 
common-rail-pressure force Pr 0. It is controlled to become (step 7). 

[0030] Drawing 4 is a flow chart which shows the amendment control routine in subinjection. With the 
pressure sensor 13, from the common-rail-pressure force Pr by which sampling detection was carried 
out, it passes through proper data smoothing, the common-rail-pressure force Prh in front of subinjection 
of each gas column and the common-rail-pressure force Prl immediately after subinjection termination 
are searched for, and the memory of a controller 12 memorizes. First, the common-rail-pressure force 
Prh and Prl of in front of subinjection and an immediately after is read from the memory of a controller 
12 (step 10). Amount of descent deltaPr (= Prh-Prl) of the common-rail-pressure force Prh before 
subinjection and the common-rail-pressure force which descended by subinjection is calculated (step 
1 1). The **** injection quantity Qa of the fuel injected in subinjection is computed from the map data 
shown in drawing 2 (step 12), and the target secondary injection quantity Qt calculated at step 3 is read 
from amount of descent deltaPr of the common-rail-pressure force Prh before subinjection, and the 
common-rail-pressure force (step 13). It is based on the graph (map data) which sets to drawin gj_ and 
shows the relation between the common-rail-pressure force Pr and the detectable minimum fuel oil 
consumption Ql defined beforehand, and the minimum fuel oil consumption Ql is computed with the 



fuel-oil-consumption set point Qs corresponding to the common-rail-pressure force Prh in front of 
subinjection, i.e., this example, (step 14). In addition, the fuel-oil-consumption set point Qs can also be 
made into a slightly larger value than the minimum fuel oil consumption Ql as already explained. 
[003 1] The target secondary injection quantity Qt read at step 13 and the minimum fuel oil consumption 
Ql computed at step 14 are measured (step 15). a target - secondary - the injection quantity - Qt -- the 
minimum fuel oil consumption - Ql - the above - it is - a case --****-- last time - fuel injection ~ 
the time - it can set ~ a book - a routine - activation ~ the time - a step - 13 - reading - having had 

- a target - secondary -- the injection quantity - Qt - 1 a target ~ secondary - the injection quantity - 

- Qt 1 - being based - injecting - having had - **** - the injection quantity - Qa (it computes at 
step 12) - using - a correction factor - K (K=QtVQa) - asking - having (step 16) . The target 
secondary injection quantity Qt is amended by the feedback control using a correction factor K, and the 
correction target secondary injection quantity Qc (Qc=KxQt) is calculated by it (step 17). The command 
pulse width of face corresponding to the correction target secondary injection quantity Qc is computed 
from map data (step 18). the driving signal according to command pulse width of face - the 
electromagnetism of an injector 1 ~ an actuator 26 is supplied and a fuel is injected from an injector 1 
(step 19). 

[0032] In the comparison of step 15, when the target secondaiy injection quantity Qt is under the 
minimum fuel oil consumption Ql, the target secondary injection quantity Qt is set to the correction 
target secondary injection quantity Qc, and step 19 and step 20 are hereafter performed according to the 
set-up correction target secondary injection quantity Qc. 

[0033] this time - fuel injection - it can set - secondary - injection - a target ~ secondary ~ the 
injection quantity - amendment - setting - this time - ****-- the injection quantity - Qa ~ receiving - 

- last time - a target ~ secondary ~ the injection quantity - Qt - ' - a ratio (Qt'/Qa) - ****** - having 
asked - a correction factor - having used - an example - having been shown -- although - this time - 
****__ the injection quantity - Qa - the above - a target - secondary the injection quantity - Qt ~ 1 

- deflection - delta - Q (Qa-Qf) ~ being based ~ this subinjection quantity - you may amend . That 
is, it is, even if it amends the target secondary injection quantity Qt in this combustion cycle according 
to deflection deltaQ to the same injector 1, and it calculates the correction target secondary injection 
quantity Qc, and changes the pulse width of the command pulse corresponding to the correction target 
secondary injection quantity Qc or calculates the amount of amendments of the pulse width of a 
command pulse according to deflection deltaQ, and it is **. 

[0034] ' " • . . . 

[Effect of the Invention] According to the common rail type fuel injection equipment by this invention, 
the fuel breathed out from the high-pressure fuel pump is stored in a common rail by the pressure 
accumulation condition. The fuel supplied from the common rail is injected by the combustion chamber 
from an injector. A controller The fuel injection from an injector is controlled based on the target fuel oil 
consumption calculated according to the detecting signal from a detection means which detects engine 
operational status. Since feedback control is suspended when the target secondary injection quantity in 
subinjection is smaller than the fuel-oil-consumption set point calculated based on the common-rail- 
pressure force, the feedback control of the fuel injection in subinjection does not become unstable. 
Therefore, even if it is the individual difference of each injector, or the same injector, it can prevent that 
faults which originated in change at the time of the path of the injection property, such as vibration and 
noise, and aggravation of an exhaust gas property, arise. In addition, fuel-injection control by this 
invention cannot always be performed, but it can also be used for decision of the existence of 
degradation with the passage of time in temporary study or each injector. 
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TECHNICAL FIELD 

[Field of the Invention] Especially this invention relates to the common rail type fuel injection 
equipment performed by the subinjection which precedes fuel injection with the main injection and this 
main injection, or is delayed about a common rail type fuel injection equipment, and injects a little fuel. 
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PRIOR ART 



[Description of the Prior Art] Conventionally, about engine fuel injection, high-pressure-ization of an 
injection pressure is attained and the common rail fuel-injection system is known as a method which 
controls injection conditions, such as injection timing of a fuel, and injection quantity, the optimal 
according to engine operational status. A common rail fuel-injection system is a system injected to a 
combustion chamber from each injector arranged at two or more gas columns on the optimal fuel- 
injection conditions which the fuel pressurized by the predetermined pressure was stored in the state of 
pressure accumulation in the common rail, and the controller asked for the stored pressurization fuel 
according to the operational status of engines, such as fuel oil consumption and fuel injection timing, 
with the fuel pump, respectively. In the fuel passage which results in the nozzle hole formed at the tip of 
each injector through the fuel feeding pipe from the common rail, the fuel pressure of an injection 
pressure is acting, and each injector is always equipped with the solenoid valve in order to perform 
control which passes or intercepts the fuel supplied through a fuel feeding pipe. The controller is 
controlling the pressure of a common rail, and actuation of the solenoid valve of each injector so that a 
pressurization ftiel is injected on the optimal injection conditions to engine operational status in each 
injector. There is a thing of a format which operates an injector as a working fluid by actuation of a 
solenoid valve using some high-pressure fuels in a common rail fuel-injection system. 
[0003] Drawing 5 is drawing showing the outline of a common rail fuel-injection system. In a common 
rail fuel-injection system, after the fuel in a fuel tank 4 passes through a filter 5 and a feed pump 6, it is 
supplied to the fuel pump 8 which is plunger-type variable-capacity type high pressure pumping through 
a ftiel pipe 7. A fuel pump 8 is driven by engine power, carries out a pressure up to the predetermined 
pressure of which a ftiel is required, and is supplied to a common rail 2 through a fuel pipe 9. In order to 
maintain the fuel pressure in a common rail 2 to a predetermined pressure, the flow control valve 14 is 
arranged by the fuel pump 8. The fuel relieved from the fuel pump 8 returns to a fuel tank 4 through the 
return tubing 10. The fuel in a common rail 2 is supplied to two or more injectors 1 through a fuel 
feeding pipe 3. The fuel which was not spent on the injection to a combustion chamber among the fuels 
supplied to the injector 1 from the fuel feeding pipe 3 returns to a fuel tank 4 through the return tubing 
11. 

[0004] The signal from the various sensors for detecting engine operational status, such as a pressure 
sensor of inhalation of air for detecting the coolant temperature sensor for detecting the accelerator 
opening sensor for detecting the crank angle sensor for detecting a gas column distinction sensor, an 
engine engine speed Ne, and an engine top dead center (TDC) and the amount Ac of accelerator pedal 
treading in and a circulating water temperature and the pressure of inhalation of air, is inputted into the 
controller 12 which is an electronic control unit. The pressure sensor 13 is formed in the common rail 2, 
and the detecting signal of the fuel pressure in the common rail 2 detected by the pressure sensor 13 
(henceforth the common-rail-pressure force) is also inputted into a controller 12. A controller 12 
controls fuel injection timing (the injection initiation stage and period), injection quantity, etc. of the 
injection conditions of the fuel by the injector 1, i.e., a fuel, so that engine power turns into the optimal 
output adapted to operational status based on these signals. Although the fuel in a common rail 2 is 



consumed because an injector 1 injects a fuel, and the fuel pressure in a common rail falls, in order that a 
controller 12 may obtain the fuel injection pressure needed according to engine operational status so that 
the fuel pressure in a common rail 2 may become fixed or, it controls the flow control valve 14 of a fuel 
pump 8, and controls a discharge pressure. In the example of illustration, although an engine is a six 
cylinder engine, they may be other numbers of gas columns, such as a 4-cylinder. 
[0005] Drawing 6 is drawing of longitudinal section showing an example of the injector used for a 
common rail type fuel-injection system. An injector 1 is attached in the hole prepared in the bases, such 
as the cylinder head to which illustration was abbreviated, by the seal member at a seal condition. The 
fuel feeding pipe 3 is connected to the top flank of an injector 1 through the fuel inlet-port joint 20. The 
fuel paths 21 and 22 are formed in the interior of the body of an injector 1, and fuel passage consists of a 
fuel feeding pipe 3 and fuel paths 21 and 22. The fuel supplied through fuel passage is injected by the 
combustion chamber through the path around the reserve-well ball 23 and a needle valve 24 from the 
nozzle hole 25 opened at the time of the lift of a needle valve 24. 

[0006] In order to control the lift of a needle valve 24, the needle-valve lift device of a balance chamber 
type is prepared in the injector 1. the electromagnetism which constitutes a solenoid valve in the topmost 
part of an injector 1 -- the control current the actuator 26 is formed and corresponding to the command 
pulse of a controller 12 - a signal line 27 - leading - electromagnetism - it is sent to the solenoid 28 of 
an actuator 26. If a solenoid 28 is excited, since the closing motion valve 32 which the armature 29 went 
up and was prepared in the edge of the fuel way 3 1 will be opened, the fuel pressure of the fuel supplied 
to the balance chamber 30 is released from fuel passage through the fuel way 3 1 . In the hollow hole 33 
formed in the interior of the body of an injector 1, the control piston 34 is formed possible [ rise and 
fall ]. Since the force which pushes up a control piston 34 rather than the push-down force committed to 
a control piston 34 based on the fuel pressure which acts on the taper side 36 which attends the reserve- 
well ball 23 according to the force and the spring force of a return spring 35 based on the pressure in the 
lowered balance chamber 30 excels, a control piston 34 goes up. Consequently, a needle valve 24 carries 
out a lift and a fuel is injected from a nozzle hole 25. Fuel injection timing is set by the lift stage of a 
needle valve 24, and fuel oil consumption is defined by the fiiel pressure in fuel passage, and the lift (the 
amount of lifts, lift period) of a needle valve 24. 

[0007] Generally, the relation between the fuel oil consumption of an injector 1 and the pulse width of 
the command pulse which a controller 12 outputs is defined on the map which made the parameter the 
common-rail-pressure force Pr (fuel pressure in a common rail 2). If the common-rail-pressure force Pr 
is set constant, even if fuel oil consumption increases and it is the same pulse width so that pulse width 
is large, fuel oil consumption will become large, so that the common-rail-pressure force Pr is size. On 
the other hand, since it starts with the falling time of day of a command pulse, and it is fixed-time- 
behind to time of day and is started or stopped, fuel injection can control injection timing, when a 
command pulse controls ON or the stage to become off. Between the basic injection quantity and an 
engine speed, the amount of accelerator pedal treading in is beforehand given to relation fixed as a 
parameter as a basic characteristics-of-spray-amount map, and the fuel oil consumption for every 
combustion cycle is calculated by count from a basic characteristics-of-spray-amount map according to 
engine operational status. 

[0008] Conventionally, in the diesel power plant, the so-called pilot injection control which injects a 
little fuel in advance of the main injection is performed. While preventing that prevent that the fuel 
which the temperature of a combustion chamber was raised beforehand and injected by performing pilot 
injection burns rapidly, consequently the so-called diesel knock arises, reducing the rate of the nitrogen 
oxides contained in exhaust gas is performed. Moreover, the pilot injection quantity is determined in 
consideration of the yield of the nitrogen oxides for which it asked experimentally, considering the 
purpose of pilot injection. In the pilot injection quantity decided by such decision approach, combustion 
becomes slow and bad influences, such as a surging, may arise. Since that pilot injection is needed has 
the common case where an engine operating range is a low loading idle operating range, the pilot 
injection quantity is calculated as the ratio to the total fuel oil consumption, or uniform absolute 
magnitude, and, generally its rate to the total injection quantity is also small little also as absolute 



magnitude. 

[0009] By the way, in order for there to be path yearly change from which a property changes with the 
passage of time in the injection property (especially fuel injection timing, injection quantity) of an 
injector even if it is the individual variation from which a property differs for every injector, and the 
same injector, and to make the common-rail-pressure force and an injector drive, even if the command 
pulse period used as ON is the same, usually the fuel oil consumption injected from an injector also 
differs. Although it does not become a big problem even if some differences are in the injection quantity 
of each injector, when fuel-oil-consumption itself is a big value, when performing fuel injection with 
minute fuel oil consumption like [ in pilot injection ], the effect of individual variation and path yearly 
change becomes remarkable, and it may result in the situation where a lot of fuels as pilot injection are 
not injected, or fuel injection is not performed at all. When the gas column in which pilot injection is 
performed at the time of the low loading which needs pilot injection, or idle operation, and the gas 
column which is not performed exist, combustion will not be stabilized but displeasure will be given to 
the operator of a car on the contrary. 

[0010] In order to reduce the variation in fuel oil consumption, these people computed actual fuel oil 
consumption based on the amount of descent of the common-rail-pressure force at the time of fuel 
injection, and they have proposed the control approach which amends a controlled variable so that it 
may be in agreement with the target fuel oil consumption calculated based on engine operational status 
(Japanese Patent Application No. No. 186639 [ ten to ]). According to this control approach, 
corresponding to the amount of descent of the common-rail-pressure force in front of fuel injection, and 
the common-rail-pressure force before and behind fuel injection, actual fuel oil consumption can be 
calculated from map data. That is, calculating actual fuel oil consumption is proposed by using the data 
of the detecting signal from the pressure sensor formed in order to detect the common-rail-pressure force 
in a common rail fuel-injection system. In this control approach, it faces in quest of actual fuel oil 
consumption, and in order to perform fuel injection, the dynamic amount of fuel leaks which a fuel leaks 
from the pressure control room of an injector is taken into consideration. 

[001 1] By the way, there is a field which cannot calculate actual fuel oil consumption correctly in the 
map in which the relation between the amount of descent of the common-rail-pressure force and fuel oil 
consumption was shown from the amount of descent of the common-rail-pressure force. Drawing 2 is 
the graph which showed the relation between fuel oil consumption and the amount of common-rail- 
pressure force descent by making the common-rail-pressure force into a parameter. In the amount of 
descent of the common-rail-pressure force below threshold deltaPs (for example, IMpa), the relation 
between the common-rail-pressure force Pr and fuel oil consumption Q becomes less clear on a graph, 
and actual fuel oil consumption cannot be correctly calculated according to the common-rail-pressure 
force Pr so that drawing 2 may show. That is, in the amount of descent of the common-rail-pressure 
force below threshold deltaPs shown in drawing 2 , since actual fuel oil consumption cannot be 
calculated correctly, feedback control with the exact fuel oil consumption which makes actual fuel oil 
consumption in agreement with target fuel oil consumption cannot be performed, either. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to the common rail type fuel injection equipment by this invention, 
the fuel breathed out from the high-pressure fuel pump is stored in a common rail by the pressure 
accumulation condition. The fuel supplied from the common rail is injected by the combustion chamber 
from an injector. A controller The fuel injection from an injector is controlled based on the target fuel oil 
consumption calculated according to the detecting signal from a detection means which detects engine 
operational status. Since feedback control is suspended when the target secondary injection quantity in 
subinjection is smaller than the fuel-oil-consumption set point calculated based on the common-rail- 
pressure force, the feedback control of the fuel injection in subinjection does not become unstable. 
Therefore, even if it is the individual difference of each injector, or the same injector, it can prevent that 
faults which originated in change at the time of the path of the injection property, such as vibration and 
noise, and aggravation of an exhaust gas property, arise. In addition, fuel-injection control by this 
invention cannot always be performed, but it can also be used for decision of the existence of 
degradation with the passage of time in temporary study or each injector. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Therefore, fuel injection is performed by the subinjection 
carried out to the main injection and the main injection by being preceded or delayed. The target 
secondary injection quantity of the fuel with which a controller should be injected by the combustion 
chamber from an injector in subinjection is calculated. In the common rail type fuel injection equipment 
which performs feedback control of subinjection so that the **** injection quantity actually injected in 
subinjection may turn into target secondary injection quantity When the target injection quantity in 
subinjection turns into under the injection quantity computable from the amount of descent of the 
common-rail-pressure force, it is necessary to avoid that the controlled variable of the fuel oil 
consumption in the feedback control of subinjection becomes unstable. 
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MEANS 



[Means for Solving the Problem] The purpose of this invention stores in a pressure accumulation 
condition the fuel breathed out from the high-pressure fuel pump at a common rail. An injector injects 
the fuel supplied from the common rail to a combustion chamber. In the common rail type fuel injection 
equipment which is controlling the fuel injection from an injector based on the target fuel oil 
consumption asked for a controller according to the detecting signal from a detection means which 
detects engine operational status When the target secondary injection quantity in subinjection is 
injection quantity smaller than the minimum detectable fuel oil consumption based on the common-rail- 
pressure force It is offering the common rail type fuel injection equipment which can prevent the noise 
resulting from avoiding the feedback control of the fuel injection in subinjection becoming unstable, and 
becoming impossible as for the feedback control of normal subinjection, aggravation of an exhaust gas 
property, etc. 

[0014] The common rail which stores in a pressure accumulation condition the fuel with which this 
invention was breathed out from the high-pressure fuel pump, The injector which injects the fuel 
supplied from said common rail to a combustion chamber, A detection means to detect engine 
operational status, the pressure sensor which detects the fuel pressure of said common rail, And the 
target injection quantity of the fuel which should be injected from said injector according to the 
detecting signal from said detection means is calculated. The controller which controls the fuel injection 
from said injector based on said target injection quantity is provided. Said controller Said fuel injection 
from said injector is divided into the subinjection which responds to a detecting signal from said 
detection means, and is preceded or delayed to the main injection and this main injection. According to 
the detecting signal from said detection means, compute the target secondary injection quantity, and the 
**** injection quantity of the fuel actually injected in said subinjection based on the amount of descent 
of said fuel pressure of said common rail is computed. In the common rail type fuel injection equipment 
which consists of performing feedback control of said subinjection so that said **** injection quantity 
may be in agreement with said target secondary injection quantity said controller The ftiel-oil- 
consumption set point calculated corresponding to the fuel pressure of said common rail which said 
target secondary injection quantity and said pressure sensor detected is compared. When said target 
secondary injection quantity is smaller than said fuel-oil-consumption set point, it is related with the 
common rail type fuel injection equipment characterized by suspending said feedback control. 
[0015] According to the common rail type fuel injection equipment by this invention, a controller 
divides the fuel injection from an injector into the subinjection which responds to the detecting signal 
which detects engine operational status from a detection means, and is preceded or delayed to the main 
injection and this main injection, and computes the target secondary injection quantity as a part of target 
total injection quantity of the fuel which should be injected in subinjection according to the detecting 
signal from a pressure sensor which detects the fuel pressure of a common rail. Although the fuel 
pressure of a common rail will descend if fuel injection is performed from an injector Although a 
controller will perform feedback control of subinjection so that the **** injection quantity may be in 
agreement with the target secondary injection quantity if the **** injection quantity which the target 



secondary injection quantity is a sufficiently big value, and is the fuel quantity actually injected in 
subinjection is computable based on the amount of descent of the fuel pressure of a common rail When 
it is not sufficient big value whose calculation of the **** injection quantity the target secondary 
injection quantity enables, the feedback control of the subinjection which is easy to fall unstably is 
suspended, and faults resulting from the feedback control of normal subinjection becoming impossible, 
such as noise and aggravation of an exhaust gas property, are prevented. 

[0016] Said fuel-oil-consumption set point is computed based on the relation beforehand defined 
between the minimum fuel oil consumption detectable [ with the pressure variation produced in the fuel 
pressure of said common rail, and the fuel pressure of said common rail ] as injection quantity more than 
said minimum fuel oil consumption calculated according to the detecting signal from said pressure 
sensor. Therefore, the **** injection quantity injected for the purpose of the target secondary injection 
quantity which the target secondary injection quantity is not set under to the detectable minimum fuel oil 
consumption, and was set up such becomes computable from the fuel pressure data of the common rail 
which the pressure sensor detected, and the feedback control of subinjection does not become unstable. 
Said relation between said fuel pressure of said common rail and said minimum fuel oil consumption is 
defined corresponding to the amount of the minimum descent which can detect said fuel pressure of said 
common rail from the relation of the amount of descent of said fuel pressure of said common rail in 
front of said fuel injection, and said fuel pressure of said common rail which descended by said fuel 
injection, and the fuel oil consumption injected in said fuel injection. The relation between the amount 
of descent of the fuel pressure of the common rail which descended by fuel injection, and the fuel oil 
consumption injected by the fuel injection is specifically beforehand called for in the form of map data 
by making fuel pressure of the common rail in front of the fuel injection into a parameter, and the 
relation between the minimum fuel oil consumption and the fuel pressure of a common rail is called for 
corresponding to the amount of the minimum descent of fuel pressure detectable [ with a pressure 
sensor ]. 

[0017] When said target secondary injection quantity is smaller than said fuel-oil-consumption set point, 
open loop control which made said target secondary injection quantity desired value is performed. That 
is, when the target secondary injection quantity is smaller than the fuel-oil-consumption set point, it 
replaces with the feedback control which was being performed based on the deflection of the target 
secondary injection quantity and the **** injection quantity etc., and open loop control without 
feedback of the **** injection quantity is performed. 

[0018] Said injector possesses the actuator which operates the needle valve which opens and closes the 
nozzle hole which injects the fuel which went up and down based on the pressure operation of the fuel in 
the pressure control room where some fuels supplied from said common rail are introduced, and said 
pressure control room, and was formed in the point of said injector, the closing-motion valve which 
releases the fuel pressure in said pressure control room by discharging the fuel in said pressure control 
room, and said closing-motion valve. If a controller operates an actuator, a closing motion valve will 
open, the fuel in the pressure control room supplied from the common rail will be discharged, and the 
fUel pressure in pressure control room will be released. When the pressure of the fuel in pressure control 
room declines, a needle valve goes up based on fuel pressure, the nozzle hole formed in the point of an 
injector opens, and a fuel is injected to a combustion chamber. 

[0019] Said controller outputs the command pulse which controls the driving signal to said actuator in 
order to make said closing motion valve open, and it performs said feedback control of said subinjection 
by amending the pulse width of said command pulse based on the deflection of said **** injection 
quantity and said target secondary injection quantity. By amending the target secondary injection 
quantity in next fuel injection to the same injector as a concrete example of 1 control, calculating the 
correction target secondary injection quantity, and changing the pulse width of the command pulse 
corresponding to the correction target secondary injection quantity, it is controlled so that the **** 
injection quantity is in agreement with the target secondary injection quantity in subinjection of the next 
time from an injector. 
[0020] 



[Embodiment of the Invention] Hereafter, with reference to a drawing, the example of the common rail 
type fuel injection equipment by this invention is explained. Drawin g 1 is a graph which shows the 
relation of the common-rail-pressure force and fuel oil consumption corresponding to the threshold of 
common-rail-pressure force descent of the amount of common-rail-pressure force descent, i.e., the 
minimum detectable amount, from the graph shown in drawing 2 . 

[0021] The injector used for a common rail type fuel-injection system and this system can apply the 
system and injector which were shown in drawing 5 and drawing 6 , respectively as it is. namely, 
speaking of an injector 1 As pressure control room where some fuels supplied from a common rail 2 are 
introduced It goes up and down based on a pressure operation of the fuel in the ** balance chamber 30 
and a balance chamber 30. By discharging the fuel in the needle valve 24 which opens and closes the 
nozzle hole 25 which injects the fuel formed in the point of an injector 1, and a balance chamber 30 the 
electromagnetism which operates the closing motion valve 32 which releases the fuel pressure in a 
balance chamber 30, and the closing motion valve 32 - about the point of having the actuator 26, you 
may be the same as that of the injector 1 shown in drawing 6 , and the detailed explanation for the 
second time about other details is omitted. 

[0022] Corresponding to the fuel injection of every [ in an engine cycle ] gas column, the common-rail- 
pressure force Pr started descent with the time lag from injection initiation, and has repeated the cycle of 
recovering according to the regurgitation of the fuel from the high-pressure fuel pump 8 for the fuel 
injection in the gas column in which combustion is performed next according to combustion sequence, 
after injection termination. Since an engine is a multiple cylinder engine as shown in drawing 5 , the 
controller 12 is controlling fuel injection from an injector 1 according to each gas column. 
[0023] In the graph of drawing 1 , an axis of abscissa is the fuel pressure Pr of a common rail, i.e., the 
common-rail-pressure force, and the axis of ordinate shows the minimum fuel oil consumption Ql 
detectable from the amount of descent of the common-rail-pressure force. The curve f shown in the 
graph of drawing 1 shows that the minimum fuel oil consumption Ql detectable from the amount of 
descent of the common-rail-pressure force Pr changes with the magnitude of the common-rail-pressure 
force Pr. That is, although it is detectable to the minimum fuel oil consumption Ql of such a small value 
that the common-rail-pressure force Pr is high, the minimum fuel oil consumption detectable, so that the 
common-rail-pressure force Pr is low serves as a big value. From the graph of drawin g 1 , the detectable 
minimum fuel oil consumption according to the common-rail-pressure force Pr is defined. 
[0024] The graph shown in drawin g 1 is called for from the graph shown in drawing 2 . Drawing 2 is the 
graph which drew as a parameter the common-rail-pressure force Pr (value in front of injection) detected 
by the pressure sensor 1 3 currently arranged by the common rail 2 in the relation between fuel oil 
consumption Q and amount of descent deltaPr of the common-rail-pressure force in the common rail 
type fuel injection equipment by this invention. Although many [ so / that the common-rail-pressure 
force Pr is high if fuel oil consumption Q has the the same fuel fuel injection period of an injector 1 ], if 
the common-rail-pressure force Pr in front of fuel injection is the same, amount of pressure drawdowns 
deltaPr of a common rail will increase, so that there is much fuel oil consumption Q from an injector 1 . 
Moreover, amount of descent deltaPr of the common-rail-pressure force becomes large, so that the 
common-rail-pressure force Pr is high, when the same fuel oil consumption Q is injected. Since there is 
threshold deltaPs as limit of detection of amount of descent deltaPr of the common-rail-pressure force, 
the minimum fuel oil consumption Ql calculated according to threshold deltaPs will change according to 
the common-rail-pressure force Pr, and this relation is expressed with the graph of drawing 1 . 
[0025] When fuel injection is divided into the main injection and the subinjection preceded or delayed to 
this main injection and is performed, If it seems that it may be computed according to the common-rail- 
pressure force Pr in front of initiation of subinjection as under the minimum fuel oil consumption Ql as 
which the target secondary injection quantity Qt is determined with the curve f of drawing 1 The **** 
injection quantity Qa of the fuel actually injected in subinjection serves as a value of the field below the 
curve f of drawin g 1 , and it becomes impossible to compute the **** injection quantity Qa correctly in 
this case by the common-rail-pressure force Pr and its amount of descent deltaPr. Consequently, in the 
feedback control of subinjection, the controlled variable of fuel oil consumption may become unstable, 



and combustion may become unstable. That is, originally, when it is the pilot injection to which 
subinjection precedes with the main injection and is performed, since there is little injection quantity, 
control of the pilot injection which it becomes impossible to have detected actual fuel oil consumption 
correctly, and was stabilized becomes impossible from amount of descent deltaPr of the common-rail- 
pressure force Pr. 

[0026] Therefore, the target secondary injection quantity Qt calculated according to engine operational 
status The set point of the fuel oil consumption calculated corresponding to the common-rail-pressure 
force Pr which the pressure sensor detected just before initiation of subinjection is compared. The 
amount of descent of the common-rail-pressure force Pr becomes that the target secondary injection 
quantity Qt is beyond the set point of fuel oil consumption with sufficient value. The **** injection 
quantity Qa more than the minimum fuel oil consumption Ql is detectable from the amount of descent of 
the common-rail-pressure force Pr, it is stabilized and feedback control of the fuel oil consumption in 
the subinjection which makes the **** injection quantity Qa in agreement with the target secondary 
injection quantity Qt can be performed. When the target secondary injection quantity Qt is smaller than 
the set point of fuel oil consumption, the feedback control of subinjection can be suspended, for 
example, open loop control can be performed. Although minimum fuel-oil-consumption Ql itself is 
sufficient as the set point of fuel oil consumption, it is desirable to consider as the value which added the 
proper aggregate value to the minimum fuel oil consumption Ql. 

[0027] Since the graph shown in drawing 1 is the data **** thing of the point of a finite individual, the 
minimum fuel oil consumption Ql is usually calculated with the approximation curve which connects 
the point of the interpolation based on the polygonal line which connects the point of the finite 
individual given as data, or a finite individual. 

[0028] A controller 12 outputs the command pulse which controls the driving signal to an actuator 26 in 
order to make the closing motion valve 32 open. The controller 12 has memorized the common-rail- 
pressure force Pr in front of fuel injection, the pulse width of a command pulse, and the relation between 
fuel oil consumption decided beforehand as map data, and asks for the pulse width of the command 
pulse called for according to the common-rail-pressure force Pr in front of the fuel injection which the 
target secondary injection quantity Qt and pressure sensor 13 in the subinjection called for according to 
engine operational status detected from map data. 

[0029] The fuel-injection control in the common rail type fuel injection equipment by this invention is 
explained below based on the flow chart shown in drawing 3 - drawing 4 . Drawing 3 is a flow chart 
which shows the main routine of the fuel-injection control in the common rail type fuel injection 
equipment by this invention. Here, there are an engine speed sensor which detects an engine speed Ne, 
and an accelerator control input sensor which detects an accelerator control input Ac like the amount of 
accelerator pedal treading in as a thing showing the load to an engine as a detection means to detect 
engine operational status. As shown in drawing 3 , as engine operational status, an engine speed Ne is 
detected by the engine speed sensor (step 1), and the accelerator control input Ac is detected by the 
accelerator control input sensor (step 2). The target secondary injection quantity Qt and the target 
secondary fuel injection timing T are called for by referring to the map data (not shown) decided 
beforehand based on the engine speed Ne and the accelerator control input Ac which were detected at 
step 1 and step 2 (step 3, step 4). The common-rail-pressure force Pr is computed from the sampling 
detecting signal of a pressure sensor 13 (step 5). Target common-rail-pressure force Pr 0 required in 
order to obtain the target secondary injection quantity Qt calculated at step 3 It is determined (step 6). 
By controlling the rate (for example, duty ratio of a solenoid valve) of defining closing motion of the 
flow control valve 14 of the high-pressure fuel pump 8, the common-rail-pressure force Pr is the target 
common-rail-pressure force Pr 0. It is controlled to become (step 7). 

[0030] Drawing 4 is a flow chart which shows the amendment control routine in subinjection. With the 
pressure sensor 13, from the common-rail-pressure force Pr by which sampling detection was carried 
out, it passes through proper data smoothing, the common-rail-pressure force Prh in front of subinjection 
of each gas column and the common-rail-pressure force Prl immediately after subinjection termination 
are searched for, and the memory of a controller 12 memorizes. First, the common-rail-pressure force 



Prh and Prl of in front of subinjection and an immediately after is read from the memory of a controller 
12 (step 10). Amount of descent deltaPr (= Prh-Prl) of the common-rail-pressure force Prh before 
subinjection and the common-rail-pressure force which descended by subinjection is calculated (step 
11). The **** injection quantity Qa of the fuel injected in subinjection is computed from the map data 
shown in drawing 2 (step 12), and the target secondary injection quantity Qt calculated at step 3 is read 
from amount of descent deltaPr of the common-rail-pressure force Prh before subinjection, and the 
common-rail-pressure force (step 13). It is based on the graph (map data) which sets to drawing 1 and 
shows the relation between the common-rail-pressure force Pr and the detectable minimum fuel oil 
consumption Ql defined beforehand, and the minimum fuel oil consumption Ql is computed with the 
fiiel-oil-consumption set point Qs corresponding to the common-rail-pressure force Prh in front of 
subinjection, i.e., this example, (step 14). In addition, the fuel-oil-consumption set point Qs can also be 
made into a slightly larger value than the minimum fuel oil consumption Ql as already explained. 
[003 1] The target secondary injection quantity Qt read at step 13 and the minimum fuel oil consumption 
Ql computed at step 14 are measured (step 15). a target - secondary - the injection quantity - Qt - the 
minimum - fuel oil consumption - Ql - the above - it is -- a case -- **** - last time - fuel injection - 
the time « it can set - a book ~ a routine - activation - the time - a step -- 13 - reading - having had 

- a target - secondary - the injection quantity ~ Qt - ' - a target ~ secondary - the injection quantity - 

- Qt - ' - being based - injecting - having had --****-- the injection quantity - Qa (it computes at 
step 12) - using - a correction factor - K (K=Qt'/Qa) - asking - having (step 16) . The target 
secondary injection quantity Qt is amended by the feedback control using a correction factor K, and the 
correction target secondary injection quantity Qc (Qc=KxQt) is calculated by it (step 17). The command 
pulse width of face corresponding to the correction target secondary injection quantity Qc is computed 
from map data (step 18). the driving signal according to command pulse width of face - the 
electromagnetism of an injector 1 - an actuator 26 is supplied and a fuel is injected from an injector 1 
(step 19). 

[0032] In the comparison of step 15, when the target secondary injection quantity Qt is under the 
minimum fuel oil consumption Ql, the target secondary injection quantity Qt is set to the correction 
target secondary injection quantity Qc, and step 19 and step 20 are hereafter performed according to the 
set-up correction target secondary injection quantity Qc. 

[0033] this time ~ fuel injection ~ it can set - secondary - injection ~ a target - secondary - the 
injection quantity - amendment - setting - this time - **** - the injection quantity - Qa - receiving - 

- last time - a target - secondary - the injection quantity - Qt - ' - a ratio (Qt'/Qa) - ****** - having 
asked — a correction factor — having used - an example — having been shown — although — this time — 
****__ the injection quantity - Qa ~ the above - a target - secondary - the injection quantity - Qt - ' 

- deflection - delta - Q (Qa-Qf) - being based ~ this subinjection quantity - you may amend . That 
is, it is, even if it amends the target secondary injection quantity Qt in this combustion cycle according 
to deflection deltaQ to the same injector 1, and it calculates the correction target secondary injection 
quantity Qc, and changes the pulse width of the command pulse corresponding to the correction target 
secondary injection quantity Qc or calculates the amount of amendments of the pulse width of a 
command pulse according to deflection deltaQ, and it is **. 



[Translation done.] 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] In the common rail type fuel injection equipment by this invention, it is the graph which 
shows the relation between the common-rail-pressure force and the minimum fuel oil consumption 
calculated from that limit of detection. 

[Drawing 2] In the common rail type fuel injection equipment by this invention, it is the graph which 
shows the relation of the fuel oil consumption and the amount of descent of the common-rail-pressure 
force which made the common-rail-pressure force the parameter. 

[Drawing 3] It is the flow chart in the common rail type fuel injection equipment by this invention 
which shows the main routine of subinjection control. 

[Drawing 4] It is the flow chart in the common rail type fuel injection equipment by this invention 
which shows the amendment control routine of subinjection control. 

[Drawing 5] It is the schematic diagram showing the conventional common rail type fuel-injection 
system. 

[Drawing 6] It is the sectional view showing an example of the injector used for the common rail type 
fuel-injection system shown in drawing 5 . 
[Description of Notations] 

1 Injector 

2 Common Rail 

3 Fuel Feeding Pipe 
8 Fuel Feed Pump 

12 Controller 

13 Pressure Sensor 

24 Needle Valve 

25 Nozzle Hole 

26 Electromagnetism — Actuator 
30 Balance Chamber 

32 Closing Motion Valve 

Pr Common-rail-pressure force 

deltaPr The amount of descent of the common-rail-pressure force 

deltaPs Threshold of the amount of descent of the common-rail-pressure force 

Qt Target secondary injection quantity 

Qt' The last target secondary injection quantity 

Q a **** i n j ec tj on quantity 

Qs Fuel-oil-consumption set point 

Ql The minimum fuel oil consumption 

Qc Correction target secondary injection quantity 

K Correction factor 
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